Total pyridine nucleotide concentration of root tissue for young soybean (Glycine max var. Bansei) and sunflower (Helianthus annuus L. var. Mammoth Russian) plants is the same with either ammonium or nitrate, but nitrate results in an increased proportion of total oxidized plus reduced NADP (NADP [H]) seemingly at the expense of NAD. The activity of NADH-and NADPH-dependent forms of glutamic acid dehydrogenase is correlated with the ratio of total oxidized plus reduced NAD to NADP(H). The low NAD:NADH ratio maintained in nitrate roots despite active NADH utilization via nitrate reductase and glutamic acid dehydrogenase may be the result of nitrate-stimulated glycolysis. Nitrate roots also maintain a high level of NADPH, presumably by the stimulatory effect of nitrate utilization on glucose-6-phosphate dehydrogenase activity. In the presence of nitrate rather than ammonium, the highly active nitrate-reducing leaves of soybean show a greater proportion of total pyridine nucleotide in the form of NADP(H) than do the inactive leaves of sunflower.
and in view of the contrasting effect of ammonium and nitrate on nucleotide activated enzymes associated with nitrogen assimilation (23) , a study was made of the influence of the two forms of nitrogen on the level of pyridine and adenine nucleotides in soybean and sunflower tissues.
MATERIALS AND METHODS Soybean (Glycine max var. Bansei) and sunflower (Helianthus annuus L. var. Mammoth Russian) plants were grown as previously described (23) under controlled conditions of light and temperature for a period of 19 days. Complete culture solution containing either 10 mm NH4C1 or 10 mM KNO, (21) was provided by means of a continuous flow apparatus (24) that maintained the solution bathing the root system at a constant pH. As in the accompanying study (23) , the roots and the oldest of the two trifoliate leaves of soybean that had developed by the 19th day were selected for harvest and analysis. For sunflower, roots and the second set of the three sets of leaves were utilized. Midribs were removed from leaves and leaflets and root systems were thoroughly washed with a vigorous stream of distilled water before tissues were subjected to analysis.
METHODS OF ANALYSIS
Pyridine Nucleotides. Following the method of Glock and McLean (9) , oxidized and reduced pyridine nucleotides were extracted by a 2-min homogenization in a hot Waring Blendor of 3 g fresh tissue with 15 ml of heated (90 C) 0.1 N HCI and 0.1 N NaOH, respectively. The homogenates were made icecold and were brought to pH 7.6 with either 2 N NaOH or 2 N HCI and 0.3 ml of 0.2 M tris-HCl, pH 7.6. After centrifugation at 1 0,000g for 20 min at 3 C, the supernatants were collected and 0.5-ml aliquots were immediately assayed by utilizing enzymatic multiplier systems in reaction mixtures described by Yamamoto (26) . For NAD and NADH, alcohol dehydrogenase was coupled with NADH-diaphorase in the reduction of DCIP2 whereas for NADP and NADPH, isocitric dehydrogenase was coupled with NADPH-diaphorase prepared by the method of Avron and Jagendorf (2) . The reduction of DCIP was followed at 610 nm. Preliminary assays for NADPH yielded erratic results and suggested that NADP-specific isocitric dehydrogenase and NADPH-diaphorase were being inhibited by phosphoadenosine disphosphate ribose. This product of NADP formed in the hot mild alkaline extraction of NADPH has been identified (4) (13) . An equally high recovery of NADPH added to sunflower tissue was achieved utilizing the extraction procedure described above.
Adenine Nucleotides. Adenosine mono-, di-, and triphosphate were determined with some modifications of the ion-exchange chromatography method of Keys (10) . A mixture containing 100 mg of freeze-dried tissue and 0.3 g of cellulose (Whatman Chromedia CF 1) was added to a cellulose-containing extraction column (11 mm internal diameter X 300 mm) and tamped down. With the extraction column immersed in boiling water for 2 min, free nucleotides were released from the tissue by passing approximately 2 ml of boiling ethanol over the tissue-cellulose mixture. Interfering compounds were then removed by successive passage through the cellulose extraction column of 10 ml of 95% acetone, 10 ml of ethanolformic acid (19: 1), 10 ml of 90% methanol-10% ammonium acetate (1 M, pH 7.5), and 5 ml of absolute ethanol. An ionexchange column (0.5 mm internal diameter X 160 mm) containing Dowex 1-X4, 200 to 400 mesh anion exchange resin that had been previously washed with water and eluting buffer (10) and infiltrated with absolute ethanol, was attached to the lower tip of the cellulose extraction column. Transfer of nucleotides to the resin column was achieved by successive 7-ml additions to the cellulose column of ethanol plus disodium ethylenediamine-tetraacetate (10 mm, brought to pH 8 with NH,OH) in 9:1, 8:2, 7:3, and 6:4 proportions. The free nucleotides were then separated from each other by gradient elution ion-exchange chromatography utilizing a concave gradient of formate and chloride ions, pH 2.5, as described by Keys (10 (23) . Ammonium roots, previously found to possess a highly active NADH-GDH while lacking NADPH-GDH almost entirely, are found in the present study to contain a high NAD(H) and low NADP(H) content (Table I) . Nitrate roots, characterized by reduced NADH-GDH activity and a clearly active NADPH-GDH, are found in this study to contain a low level of NAD(H) and high level of NADP(H). The data may be indicative of a control process in which the NAD(H): NADP(H) ratio is a factor regulating the activity level of NADH-and NADPH-dependent forms of GDH. The vigorous amination process carried on by NADH-GDH in ammonium roots might be expected to result in a high NAD:NADH ratio. That this is indeed the case is indicated by the ratio of 2.8 in soybean and 2.9 in sunflower (Table I) . NADH-GDH activity in nitrate roots, although lower than that in ammonium roots (23) , remains vigorous and would be expected to result in a high ratio of oxidized to reduced NAD. Adding to the accumulation of oxidized NAD in nitrate roots would be that formed from the NADH utilized as a source of electrons in the reduction of nitrate to nitrite (3) . However, the relatively low NAD:NADH ratio of 1.1 in soybean and 0.5 in sunflower (Table I) suggests that a process is operating in nitrate roots that quickly converts NAD back into the reduced form. The stimulating effect of nitrate on glycolysis has been repeatedly reported (15, 25) and it has become increasingly evident that the NADH utilized in the reduction of nitrate to nitrite is derived from the glycolytic breakdown of carbohydrate (3) . Thus the relatively low NAD:NADH ratio in nitrate roots may be the result of active conversion of NAD to the reduced form by nitrate-stimulated glycolysis.
Further reports indicate that nitrate (19) and nitrite (7) increase the rate of glucose breakdown via the pentose phosphate pathway. These observations are supported by those of the accompanying study (23) (7) proposed that nitrite reduction utilizes the NADPH generated by the oxidation of glucose-6-P. (Table II) that are comparable in range to that found in young tissues of other plants (20) . For all tissues examined in this study, ammonium nutrition yielded a higher concentration of total adenine nucleotide than that found with nitrate nutrition. Little is known about the synthesis of adenylic acid in plants, but studies on bacterial and animal cells indicate the importance of glutamine, glycine, and aspartate in the synthesis of the purine moiety (8) . Glutamine with the activity of glutamine synthetase in the root tissue of both species. In an accompanying study (23) , evidence is presented indicating the possible role of ammonia and glutamine as control factors in synthetase activity. The results of the present study suggest that to these nitrogenous parameters must be added the factor of energy charge, functioning perhaps as a decisive factor in the regulation of this enzyme.
